Subsidy to less favoured area (LFA) farms is central to rural development policy in the European Union. Here, three categories of LFA support are assessed: farm competitiveness measures, LFA measures, and agri-environment measures. These categories of measures are complementary to safeguarding land management and delivering ecosystem benefits. Based on historical data for the Czech Republic, this paper endeavours to illustrate potential methods for assessing the LFA subsidies. In sum, rigorous methods to evaluate LFA evidence are still at their very starting point, even as they are necessary in order to ascertain the Community's capability, alongside the local, regional, or national institutional capability. A positive trend has been identified with regard to stabilizing the available rural development budget for the policy priority "Restoring, preserving and enhancing agroecosystems".
Introduction
Funding to land-based measures for farms in less favoured areas (LFAs) is drawn through the so-called multiannual financial framework of the EU rural development policy. Ample literature has evaluated impacts of using rural development funds in relation to the competitiveness of agriculture especially in mountain and foothill regions (Barnes et al., 2011; Kowalczyk et al., 2014; Vrolijk, 2009) . The initial (and partly continuing) aim of LFA payments has been, since the launch of the LFA scheme in coeval Member States in 1975, to ensure stability for farmers' incomes by adding to their direct farm subsidies in response to the context of variable market factors and environmental conditions and thereby prevent a cessation of agriculture in such areas. Outwardly, societal concern with stagnation of rural economies and the role of support policies in social innovation has not only been studied by academics (Dwyer, 2016) , but has also been shown as a factor in the unfolding of Brexit (Matthews, 2016a) . LFA measures are important for maintaining public goods as cultural assets in relation to agricultural landscapes with their socioeconomic aspects (Vrolijk et al., 2009) , next to biophysical factors (Cooper et al., 2006 and Madureira et al., 2013; Santos et al., 2016; Wrbka, 2004) . Evidence exists that both traditionally oriented and innovative farm businesses in LFAs have potential to ensure land management that is beneficial to biodiversity in comparison to farmers who are highly production-oriented but support the lowest nature values on their land (Anon, 2014; Barnes et al., 2011; Cardwell, 2004; Cudlínová et al., 2012; Schmitzberger et al., 2005) . In particular, rural development policy has promoted the concomitant role of education and vocational training because public goods cannot be delivered without the necessary farming capacity being in place.
LFA subsidy was central to the fairly complex land-based measures in place during the period [2001] [2002] [2003] [2004] [2005] [2006] . These measures distinguished between regions that, depending on the level of disadvantages in relation to rural economies, had received support from the Guarantee section of the European Agricultural Fund for Rural Development, and regions that had been covered by the Guidance section of that fund ( With respect to the period 2014-2020, on the basis of eight common biophysical criteria, a redefinition of geographic targeting for LFA subsidies is ongoing in order to overcome earlier criticisms alleging that such payments were insufficiently effective (Cooper et al., 2006; Keenleyside et al., 2012) . To date, there remains a need for more comprehensive evidence of the role of LFA support, not just with regard to the implicit assumption of the continuation of agricultural activity to be part of the counterfactual reference line, i.e., part of the hypothetical situation of what would have happened in the absence of public support.
The aim of this article is to evaluate LFA support outcomes for the period 2001-2013 while examining detailed evidence from the Czech Republic on the one hand, and the summary funding data at the EU level on the other hand. The specific goal in relation to the Czech Republic data is to assess each category of LFA support within the time frame 1998-2013. Moreover, we estimate the 2017-level of subsidy for each category. Why LFA support matters to land managers, we hypothesize here, is that the confluence of the three funding categories enhances the farmers' negotiating positions in rural economies under globally driven factors.
Material and Methods

Primary data
Primary information relating to budget allocations for rural development in the Czech Republic came from the library at the country's Institute of Agricultural Economics and Information. It includes data in relation to LFA support for three categories of LFA measures: farm competitiveness, LFA payments, and the agri-environment. These funding data have been complemented, where appropriate, with content-related information in relation to administrative tools through which LFA subsidies have been implemented, i.e., national assistance prior to 2004, the Horizontal Rural Development Plan for the period [2003] [2004] [2005] [2006] , and the Rural Development Programme for the period 2007-2013. Additional data were collected via the electronic library of the Commission of the European Communities. The majority of the information came from the annual datasets provided by reports by the Directorate-General Budget (1999, (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) 
Study area
The role of LFA support at the EU level was estimated only partially, by complementing the national-level data for the Czech Republic with selected data as regards BelgiumFlanders, Belgium-Wallonia, Portugal-Mainland and UK-England, in addition to the freely available data at the EU level. The structure of LFA farms in the Czech Republic differs between family farms and cooperatives linked to ruminant livestock systems. This structure is not identical to subsistence farming, as researched for Mediterranean silvo-pastoral systems by PintoCorreia et al. (2016) , or family cooperatives, as examined by Nadal-Romero (2013) . The size categories in hectares for the Czech Republic LFA farms are comparatively close to the agriculture structure generally, where large farms prevail (Table 1 ). This distributive aspect may be linked to the evolution before the economic transformation of agriculture in 1992. Up to 1992, large cooperatives farmed areas of around 2476 ha on average, covering about two thirds of the overall agricultural area. In comparison, state enterprises farmed 7650 hectares on average, amounting to around one fifth of the overall agricultural area. Subsistent rural households maintained the rest of farmland. With the shift to market economy, the legal status of the farms changed to cooperatives, private limited companies, joint-stock companies, and family farms owned by natural persons. Urban dwellers who gained an effective individual title to farmland, although not all, tended to lease land to legal successors of the earlier cooperatives.
Methods
In a first step, the effect of temporal distribution of LFA funds among the above three categories was tested in respect of the Czech Republic support measures with an analysis of variance (ANOVA), using the Statistica software (Statistica Development Core Producers 2014, version 2.15.9). Consequently, three categories of subsidies were discussed, with regard to the established factors of linearity, homogeneity and distant (less probable, "outlying") values, in light of several explanatory variables.
Explanatory variables are so-called qualitative factors which help to grasp why the data look the way they do in temporal succession. Several classes of explanatory variables cropped up. One of the explanatory factors is political decisions, e.g., in respect of how many calls for applications were set up in the individual years or over the programming cycle for each measure. Another explanatory variable was credited to be time requirements for processing applications submitted in respect of the call and time to sign off the grants in relation to farm-competitiveness investments or agri-environment agreements. Plausible though less easy to research is the factor of farmer union pressures, which may have resulted in shifting the funds either to the beginning or the ending of the programming period. Finally, staff capacity, not excluding staff taking a break from setting up more calls for applications when existing projects already funded reach the peak implementation phase, is an explanatory variable taken into account.
The explanatory variables set out above were screened for practicality and the first named variable was quantitatively transformed into marks using 0 (absence, when in the individual year there were less than two calls for applications within the measure) and 1 (presence, when more than two calls for applications could be found within the year). The explanatory variables were prepared for three temporal intervals, 1998-2004, 2004-2010, 2011-2013 , with each value checked for significance as regards P = 0.05, although it was clear from the beginning the a 15-year-long data sequence with a yearly step is insufficient for finding a proper statistical proof of dependency. Finally, simple correlation tables were reinstate to support each value of the factor with regard to linearity, homogeneity and distant, less probable, "outlying" values. Such tables were evaluated so as to be able to point out a few incomplete answers for LFA fund implementation over time.
These may be interesting to scientists who strive to grasp why it mattered to establish a more or less formal status for a de facto LFA measure; whether the measures ease negotiations of funds over time; or how the impact of the measures can be evaluated to see its successfulness.
Results
Less favoured area support: the Czech Republic data
Support to LFA farmers in the Czech Republic saw the onset of disbursement as implementation of three measures: LFA subsidy, agri-environment payments (supporting more advanced voluntary commitments in relation to grasslands), and farm competitiveness measures (Figure 1 ). Considering the LFA subsidy alone, it has contributed around three-quarters of gross farm income in mountain area farms. Figure 2 shows the increase in funding to the three categories of measures. It is clearly unfeasible to seek to extricate solid cause-effect links. It is nevertheless plausible to strive to tease out several correlations linked to the factors affecting financial disbursement over time, e.g., the number of calls for applications within a calendar year. It appears reasonable to set a threshold of two calls for applications per year as having a probable effect on the temporal disbursement of finance thereafter. Considering the time interval 1998-2004, one can ascertain the presence of two or more calls for applications only for the farm-competitiveness measures, whereas there were fewer calls in regard to LFA Herewith, starting from the indicators of presence/absence as discussed, we set to demonstrate problems trying to exclude all such intervening factors, particularly the unar-guably present effect of the political character of decisions involved in the fund distribution. In the first step, our evaluation had to take into account linearity, although the data were relatively fragile to be able to state any solid conclusions for the first two time intervals. With regard to the 2011-2013 time interval, we could fairly clearly note yes, there is negative association, with a slow decrease in funds.
Secondly, the consideration of homogeneity yielded a no-answer with respect to the time We also checked whether the predicted values of support at the year +4 have no additional effect for producers because the support levels are already internalized within the production parameters at the farm level. Figure 2 shows the linear regression trends. Table 3 provides an overview of the calculated sums pertinent to the 2017 support to each category, including the limiting values within the probability interval from +5% to −5%.
There is a paucity of scientific evaluations of the outcomes of the LFA support for the environment in the Czech Republic and the EU as well. Still, all the existing metaevaluations emphasize the effect on avoidance of land abandonment in LFA regions (Tima s.r.o., 2010; Ministry of Agriculture, 2007, Ministry of Agriculture, 2009) . It is generally known that the key drivers of agricultural abandonment are not only physical factors that limit yields and/or increase the costs of farming (e.g., poor soils). It is also economic factors such as low commodity prices and the availability of agricultural support via LFA measures (Keenleyside et al., 2012) . In 2007, as a result of the implementation of the EU funds of the period 2000-2006 in the Czech Republic, 348.5 thousand hectares of grasslands benefited from LFA support in LFA-M regions, i.e., 115% of the planned indicator. In LFA-O regions (other than mountains), the figure was 394.6 thousand hectares, i.e., 99% of the planned target. In 2015, the figures for the hectare indicator show a negligible upward difference.
A concurrent beneficial effect was noted, although not scientifically proved, for biodiversity. It is related to the continued agricultural use of high nature value grasslands, thereby avoiding the low-value woody plant successions that are likely to erode soils and grassland biodiversity. Little or no evidence exists for the theory of the benefits of land abandonment in croplands of the Central European region. This is notwithstanding the fact that for Southern Europe, cropland abandonment was found to be a complex phenomenon that might also have positive aspects for soils and biodiversity (Rodrigo-Comino et al., 2017) . Both earlier and more recent sources (Cooper et al., 2006; IfLS, 2012 ; Ministry of Agriculture, 2016; Pelucha et al., 2013) are consistent in upholding the synergistic effect of the LFA support with the agri-environment and farm competitiveness measures, with plausible benefits for the environmental value of permanent grasslands.
EU rural development funds to land-based measures for the period 2001-2006
In assessing the relative funding commitment appropriations by the European Union and the local budgets, it should be noted that the anticipated budget to Rural Development Programmes accounted for just 8.17% of the EU budget for the period 2000-2006. That comes to €8.7 billion annually, with €12.1 billion being the anticipated financial support in 2006 (one year after the onset of GAEC implementation). The latter figure was almost double the amount of the anticipated support for meeting rural area needs in 2000. The subsidy to farm competitiveness, LFA payments and the agri-environment jumped up especially in 2004, when the overall rural development spending amounted to €10.3 billion, one-third more than the year before. That leap is remarkable in view of the fact that financing of so-called "horizontal" rural development measures in the Czech Republic kicked off in 2004 together with similar financing in other EU Member States who followed the accession routine. Figure 3 and Figure 4 show the rather complex measures for the period 2000-2006 in relation to the needs of rural areas, which received support either from the Guarantee section or the Guidance section of the European Agricultural Fund for Rural Development, whilst comparing the Czech Republic data to the EU data. The figures seek to clarify the complexity resulting from Europe's effort to integrate rural development measures (under the Guidance section of funding) with the regional or territorial cohesion objectives (under the Guarantee funding section). €439.8 million in anticipated rural development commitment while the EU had accordingly used €21.3 billion. These are huge amounts of money, yet this calculation probably masks varied outcomes for agroecosystems.
EU rural development funds to land-based measures for the period 2007-2013
The relative importance of the annual allocation to rural development in comparison to the respective annual assistance to land managers continued to grow year to year, albeit at a slower pace of approximately 2.7 points (compared to the aforementioned 11.7 points for the earlier planning period). Whereas the LFA payment category received 4.4% and 4.2% of the overall programmed expenditure for the ecosystem priority in, for example, BelgiumFlanders and UK-England, it was allocated considerably greater budgets in BelgiumWallonia, Portugal-Mainland, and the Czech Republic (18.8%, 42.1% and 40.2%, respectively). Explanations might include cultural preference for implementing supports via agreement-based agri-environment payments in Belgium-Flanders, Belgium-Wallonia and UK-England (with 91%, 78.2% and 82.2% of the overall commitment going to the ecosystem priority) than in Portugal and the Czech Republic (with 31.4% and 56.6% allocations to the ecosystem priority going to the agri-environment category). Rural development policy support for the period 2007-2013 accounted for about one-fifth of Heading 2: Allocation to natural resource protection within the EU budget. Because the EU budget has adapted its structure over time, it is not easy to say whether this constitutes an evolving rural development subsidy to LFAs. In effect, the measure in relation to the importance of rural development policy (for the period 2007-2013), considered in terms of the average base proportion within Heading 2: Allocation to natural resource protection, is not fully compatible with the earlier average base (for the period [2001] [2002] [2003] [2004] [2005] [2006] . The earlier base was generally regarded as the remainder of the Agriculture heading after the deduction of aid to land managers, albeit not exclusively. In sum, efforts to compare rural development positioning in relation to Heading 2: Allocation to natural resource protection (applicable to the period 2007-2013) to the positioning in relation to the Agriculture category (applicable to the period 2000-2006) run up against considerable difficulties. For both, the base year proportion is approximately just 20% of the fund allocation, calculated with regard to the specific Heading 2, or the general category Agriculture. Moreover, these figures also mask a certain divergence in views as to the utility of rural development policy spending in favour of benefits to LFAs. The views reflect the tremendously high variability in the local, regional, national or EU allocations to protection of natural resources regarding the unit of the existing EU budget relevant to the individual Member State. Macro-data for the ecosystem effects of agricultural practices in LFAs are sparse. Several EU-level evaluations exist (Cooper et al., 2006; Crabtree et al., 2003; Dwyer et al., 2016; Dax et al., 2016; IfLS, 2012) . However, none of the projects aimed to assess coherently meta-data on ecosystem effects of LFA across the varied farm systems of the EU Member States. One of the outcomes of LFA support, whereby available data are consistent, is that farm practice in LFA regions is more environmentally friendly than in other areas.
Where LFA farms uphold appropriate standards, their environmentally friendly practices mean, e.g., lower use of fertilisers and pesticides, but also a higher participation rate in agrienvironment measures (Rudow et al., 2014) . The analysis based on data from Germany showed that the effect on the environment depends on the crop structures of farms, e.g., the share of maize and wheat in farms inside and outside the LFAs. Early reports (OECD, 2008) and unpublished data (Poláková et al., 2018) are more cautious, alerting to the possibility of adverse soil effects of inadequate practice. The European auditors (CoA, 2003) alerted the public about insufficient data with regard to ecosystem benefits of the LFA scheme at the EU level.
Post-2013 changes
In Rural Development Programmes, only minimal shifts in numbering the regulation articles, refocusing the overarching priorities relevant to farm competitiveness measures, LFA measures and agri-environment measures, were prompted by the 2014 policy reform (LorizHoffmann, 2011) . The linear trend analysis has revealed that the annual support levels within the three named categories of support are likely to follow the moderately linear trends, as shown in Table 3 . After the phasing in of the unified set of eight criteria based on nature sciences particularly relevant to climate, the potential for the fair allocation of LFA support is still under discussion.
Discussion
This paper analyses evidence in relation to rural communities impacted by LFA subsidies during the period 1998-2013 in the Czech Republic, doing so alongside the evidence offered with regard to several particular Member States for the time frame 2001-2013. It would be overambitious to seek to compare the selected Member State data in detail since such resources are presumed to exist in respective evaluation documents compiled by national authorities in national languages, thus being unavailable in detail at the EU level, where only the Commissions' total sums associated with the overall multiannual funds factsheets are available. With the existing work in the area in mind, novel in the present study is the focus on the detailed evaluation of the LFA support within the study area of the Czech Republic, whilst efforts are made to meaningfully compare the abovementioned comparative regional, national and European scales.
The study focused methodically on the evaluation of the financial indicator with regard to LFA support. The starting point of the assessment is in recognition of the fact that the evaluation of the outcomes of LFA support for the environment is seriously complicated since the Rural Development Programmes have not included an environmental indicator for the LFA support so far. Such economic focalization of the method is justified because of farm economy, farm viability and farm profitability being an important driver of a receding cultivation trend in structurally disadvantaged areas (Dax et al., 2000; LEI, 2010) . The quantitative data were therefore the prior objective, complemented by qualitative measurements of the relevance of LFA support for ecosystem objectives in Europe and, above all, the Czech Republic.
So, considering the relevant measures in support to farm competitiveness, LFA, and the agri-environment, they represent a considerable success thus far, although the time for which they have been implemented is still limited. In the policy cycle starting in 2015, a positive trend has been identified with regard to stabilizing the available rural development budget for the policy priority "Restoring, preserving and enhancing agroecosystems". There has occurred a marginal strengthening from just over one-half of the overall budget (as regards 2007-2013) to around 66% (regarding 2014 and beyond). This finding concurs, to an extent, with Firbank et al. (2013) , who note that there exists abundant evidence of generally adequate quality and availability in regard to ecosystem benefits which are reduced as a consequence of inadequate farming practice (so-called ecosystem disservices). It is especially true in respect of water and air quality for the period starting in 1990, when the negative trends started to improve; yet there are not enough adequately solid data on the benefits of LFA farms, e.g., for water retention measures or flood control measures. The finding is also consistent with Barnes et al. (2011) , who emphasized beneficial outcomes of preventing the cessation of agriculture in struggling regions with the least productive land. We are wary of the line of research whereby unclear production effects are ascribed to all agricultural subsidies; for instance, Rizov et al. (2013) or Kazukauskas et al. (2014) have generally found a negative relationship between farm support and farm productivity. However, this study is consistent with Tangermann (2011) , who notes it is neither effective nor efficient to seek to incentivize farmers through support per hectare, particularly when support is not linked to local conditions under which they farm, and unrelated to the valuable public services required in their neighbourhood, an argument important in the present study.
Many farms (around one fifth) do not claim any support including LFA bonus, estimates Matthews (2016b) . This farmland is therefore under scarcely any obligation to pursue mandatory environmental management standards (Cao et al., 2009 , Dvorský et al. 2005 , Jongeneel et al., 2005 . The present study thus supplements results by Meyers et al. (2012) , who note the benefits to extensive farmland from LFA measures, whilst caution is voiced about untrivial expenses. The overall allocation to LFA farms amounts to 21 billion euros (the 2007-2013 period), thus making up 23% of all expenditures on rural development in Europe (Meyers et al.) . Matthews enumerates LFA support (the 2014-2020 period), together with agri-environment outlays, to 49% of "total resources" in rural development plans.
It is undoubtedly an important question whether the use of ample resources allocated to LFA support actually leads to improved ecosystem services and state of the environment thanks to the land being continually cultivated. Evidence for this has been so far largely based on commissioned research for governmental authorities (at the EU level and in the Czech Republic), hence it is not easy to extricate bias. Therefore, the question of improved ecosystem services should become the subject of study with more scientific vigour.
Lately, the comparative study by Rutz et al. (2014) is consistent with the earlier discussion in scepticism with respect to the ongoing tightening of the criteria for delimiting LFA regions so as to achieve more efficient support. Keenleyside et al. (2012) and others criticized the chaotic multitude of many different criteria in use by Member States in delimiting the portion of their territory to be supported through LFA measures. In the present study, we did not aspire to a full comparative assessment, so we do not discuss which side of the debate is right.
The critical point is that the present exercise finds that the totality of these pieces of evidence has been necessary to document socioeconomic history in relation to LFA support. The results ascertain the increasing levels of support to LFA farms over time, in terms of both national-level and EU-level evidence, in addition to ascertaining the practical outcome of halting the semi-abandonment trend which affected around 300,000 hectares of permanent grassland in the Czech Republic during the 1990s. In contradistinction to Nikodemus et al. (2005) and Nadal-Romero et al. (2016) , who monitored benefits of LFA farming for landscapes, water retention, and soils in individual regions, the present evaluation was able to highlight the importance of EU support in order to prevent negative effects for rural viability, which could unfold with cessation of LFA agriculture. From the evidence provided above, it is possible to state that approaches to LFA support, linked to GAEC practice in terms of safeguarding natural resources, economic budgets, and potentials, continue to be valid.
Conclusions
This paper endeavours to illustrate potential methods for assessing LFA support within the EU in order to demonstrate the critical aspects of analysing evidence at the national and EU levels. In that sense, the methodology enhances the initial approaches by Cooper et al. (2006) . In conclusion, it can first be noted that rigorous methods to evaluate evidence with EU-wide applicability in relation to LFA support are still at their very starting point, even as they are necessary in order to ascertain the Community's capability, alongside the local, regional, or national institutional capability. Second, having assessed the overall allocation of resources to evolving LFA support in the policy cycle starting in 2015, a positive trend has been identified with regard to stabilizing the available rural development budget for the policy priority "Restoring, preserving and enhancing agroecosystems". There has occurred a marginal strengthening from just over one-half of the overall budget (as regards [2007] [2008] [2009] [2010] [2011] [2012] [2013] to around 66% (regarding 2014 and beyond). The impact of funds is utterly relevant given the existing evidence of farm economy being one of the key drivers of farmland abandonment, next to physical factors such as poor soils. The effects of abandonment for the environment outcomes, in the absence of LFA support, are not uniform, so it is a promising research avenue. It is of utmost importance to continue the efforts to develop scientific methods for assessing also the ecosystem effects of LFA support. Third, to ensure that the dedicated funds also contribute to functioning local knowledge in relation to LFA support, it is as pertinent as ever to enhance education and training directed to safeguarding natural resources in consideration of local, regional (or national) and EU economic circumstances. In sum, investigation may be worthwhile to answer how LFA farms will respond to the shift towards streamlined criteria, in the sense of farm and land management, and how they will affect macro-scale socioeconomic as well as ecosystem priorities or the structure of rural development support.
